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Information was compiled on the quality of weather
forecasts and options Which may be available to imprcve weather
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predict weather. The amount of approgriated funds devoted by the
National Weather Service to forecast preparation in tiscal vear
1978 was $9%.3 million. For snort-range forecasts, the H¥eather
Service appeared to have attained an acceptalble ievel of
accuracy for precipitation and tempaerature in terms of national
sverages. The level of accuracy, houever, varied for specific
cections of the country. For long-range predictiors, the Waather
Service's present ability falle far short of teing useful to
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COMPTROLLER GENERAL OF THE UNITED STATES
WASHINGTOR, D.C. 20348

3-1233202 , JAN 24 1978

The Honorable Louis Stokes - =

Chairman, Task Force on Community
and Physical Resources

Committee on the Budget

H~use of Representatives

Washington, D.C., 20515

Dear Mr. Chairman:

In your November 19, 1977, letter, you asked us to
compile information on the quality of weather forecasts and
to comment on options which may be available to improve
weather predictions for both short- and long-term forecasts.
Specifically, you were interested in:

--A brief description of the National Weather Service's
crganizational structure.

-=A brief descriprtion of the current method used by the
Naticnal Weather Service to predict weather.

~-~An assessment of the accuracy of the National Weather
Service forecascs, both short and long term, in terms
of temperature and precipitation.

--A brief descripticn of alternate methods of prediction.

--Where additicnal funding could be used to improve the
accuracy of weather fcrecasts.

Erclosed is our report on these matters. Forty copies are
being provided directly to vour task force office.

We did not ubtain agency comments on the matters dis-
cussed in the report. However, the report contents were dis-
cussed informally with an official of the Natioral Weather
Service.
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Your oifice requested that we make no further distribution
of the report prior to hearings at which the report will be
used. These hearings are now schedulnd to pe held in February.

Sincerely yours.

LA .

Comptroller General
of the United States

Enclosure
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LNCLOSURE I ENCLOSURE 1

QUALITY OF WEATHER FORECAST:s

AND OPPORTUNITY FOR IMPROVEMENTS

NATIONAL WEATH.x SERVICE

NATIONAL WEATHER SERVICE ORGANIZATION

The National Weather Services (NWS)--a major operating
conponent of the National Oceanic and Atmospheric Administra-
tion--is responsible for

~~insuring the safety and welfare of the general public
with respect to weather conditions, including condi-
tions involving natural disasters, and

--furthering the conduct of municipal, commercial, in-
dustrial, and other activit'es which are affected by
weacther, such as agricuiture, avie.ion. transportation,
construction, and energy transf=..

To accomplish these purposes, NWS

~-observes and reports the weathe,, river, and ocean
conditions of the United States and its possessions;

~-issues forecasts and warnings of weather, flood, and
ocz2an conditions;

--Cevelops national meteorological, hydrological, and
oceariic service systems;

-~develops community preparedness programs; znd

--participates in international meteorological, hydro-
logical, oceanic, and climatological activities, in-
cluding exchange of data and forecasts.

Weather reports, describing current weather condifions
and predicting future weather events and conditions, are NWS'
major product. To develop and disseminate weather reports to
the general public and special user groups, NWS carries out
the three broad functions of dat: acquisition, forecast prep-
aration, and communications.

Fiscal year 1978 resources, excluding reimbursements and
overhead of the National Oceanic and Atmospheric Administra-
tion, devoted by NWS to these functi:ons is shown on the
fcllowing page.
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Appropriated
funds Staff-vears

(millions)

Data acquisition $ 53.2 2,900
Forecast preparation 96.3 1,225
Communications 9.7 350

To*al $159.2 4,475

The $159.2 million in appropriated funds and 4,475 staff-
years constitute about 86 percent of NWS resources.

Types of forecasts made by NWS

As noted above, $96.3 million in appropriated funds is
devoted by NWS to forecast preparation. Shown below is a
breakdown of this amount by type of forecast.

Large-scale forecasts $ 7.9
Other forecasts:

Public $

Aviation

River and flood

Marine

Porestry and rangeland

fire weather ond air

town

LW OO
Uy Oy

pcllution 3.1
Agriculture 2.9
Hurricane ari tornadoes 2.6 88.4

5963

Forecast preparation includes data processing and anal-
ysis, as well as the development of forecasts and other mate-

rial.

l.

Forecast preparation includes:

Large-srale forecasting--focuses on national, hemi-
spheric, and global weather conditions and largely
produces guidance mate-ial for other forecasting.

Specialized forecasting--focuses on areas determined
by tho nature of the specific conditions and events

being predicted and produces both guidance material

and products intended for the user.

Mecdium-scale forecastinj--focuses on weather condi-
tions over State and multistate areas, as well as
zones wi*hin a State. Most of the prepared products
are 3. M to users.
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4. Small-scale forecasting--involves adapations of
medium-scale products to individual localities and
communities.

NWS organizational elements making forecasts

Following is a table showing the various NWS organiza-
tional elements involved in chdurlqg the types of fore-
casts discussed above.

Larga Special- Medcium Small
scale ized scale scale

Nactional Meteorological
Center X
Naticnal Hurricane
Center X
National Severe Storms
Forecast Center X
River Forecacst Centers X
Weather Service Forezast
Offices X X
Weather Service Qffices X

METHOD USED BY NWS TO MAKE FORECASTS

Naticnal Meteorclogical Center

The National Metecrological Center is the key to NWS'
analysis and forecast function., It is responsible for devel-
oping coordinated large-scale forecasts and associated guid-
ance material for the United States and much of the rest of
the Northe:n Hemisphere, plus portions of the Southern Hemi-
spnere., It produces a large number and variety of graphic
products describing both current and forecast conditions
throughout these areas.

The graphic products provide forecasters throughout the
Nation with a generalized three-dimensional concept of the
current weather situation. These prod.cts include periodic
atmospheric pressure analyses at the surface and at prese-
lected altitudes; analys.s of cloud cover, thunderstorm, and
related phenomena; and nationwide temperature and precipita-
tion distribution, etc.

Using information on current conditions as a starting
point, the MNMational Meteorological Center then employs a com-
bination of manual and automated numerical means (based pria-
cipally on models of atmospheric dynamics) to predict future
conditions on the Naticn's weather ror periods up tc 5 days.
OQutput is in the fovrm of depictions, similar to those of
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current conditions, at the surface and at about 18,000 feet
apbove the surface.

The National Meteorologizal C-=:nter transmits this body
of information to forecasters throughout the Nation as guid-
ance material for the preparation of specialized, medium-
scale, and small-scale forecasts which become the final
products issued to the using community. It makes 785 fac-
simile ané 819 teletypewriter transmissions daily to field
forecasters. -

Naticnal Meteorological Center products are supple-
mented by information derived from data received from envi-
ronmental satellites of the National Environmental Satellite
Service, a part of the National Oceanic and Atmospheric Ad-
ministration. The information 1is communicated to the Natic.al
Meteorological Center and to the NWS orqanizaticns responsible
for specializec and medium-scale forecasts.

NWS issues public forecasts twice daily for periods up
o 48 hours. An extended outiook is issued once a day for
periods 3 to S days ahead. NWS began issuing in December 1977
outlooks for the peried 6 through 10 days ahead. The out-
looks will be issued three tines a week in both map and narra-
tive form and will contain predictions of average temperature
and precipitation for the perind bat nuc for expected condi~
tions c¢n each individual day.

AN
N

Long Range Precdiction Croup

mhe National Meteorological Center's Long Range Predic~-
rion Group roufrinely puts ouf tw¢c major products.

Jne of the products is the Average Monthly Weather Out-
look depicted in map form. It is issued shortly vefore tae
first and midcle of each month and predicts whetther the 30-
day period ahead will ke colder or warmer than rormal and
wetter or dryer than usual. In addition, some information is
provided on the range of normal temperatures and median
amount of precipitation in more than 100 cities.

Another product is a seasonal, or 90-day, average tem-
serature outlook also depicted in map form, issued at the
and of each Novemper, February, May, and August. It provides
an indication whether %temperatures will be above normal,
helow normal, or indeterminate, the latter meaning no fore-
casts or there is equal probability that the temperature
could go either way. For the winter and summer Seasons,
predictions are made as to whether precipitation will be
more or less than normal.
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A number of elements cve considered in developing thes=2
long-range outlooks. The principal one is the upper level
wind pattern at the 700-millibar level of atmospheric pres-
sure; that is, about 10,000 feet above sea level. At that
altitude, upper air pressure patterns are roughly equivalent
to wind patterns of the high-level steering currents which
are important to »asic changes in the weather. The Long
Range Prediction Group also monitors the behavior ~f the
upper level wind patterns on several different time sScales--
5 day, 15 day, 30 day, and 90 day--and, at the time the pre-
diction is made, determines how the patterns will deviate
from normal patterns.

another important element considered is to what extent
the pressure pattern that 1s present will remain present;
rhat i3, which abnormal features are the oOnes most likely to
persist for the coming month or season, which are not, and
which are likely to reverce.

In addition, a set of conditional probability che-ts is
used for identifying key abnormalities in the upper air at
any particular location in the Northern Hemisphere and for
determining the probabilities of various classes of temper-
ature and precipitation that will result from those apbnor-
malities.

Once the forecast for the upper airflow is made, deter-
minations are made as to the weather features that will
occur at the surface. Several methods are used in making
these determinaticns. One method (analog technique) is to
check back through charts for the last 3C years for the same
time of vear as the period in the outlook to find cases
where the upger air circulation resembles the one being
predicted.

In another method, a set of equations is used to make a
temperature estimate. This estimate is then compared witn
the results obtained under the analog method.

Another tool used is probability tables for each of tlie
lower 48 States, based on the years 1900 to 1960, which pro-
vide information on what the chance is for a particular State
being warmer or cooler than normal, depending on the weather
experienced in previous months. Also used are tables for a
10~year sample based on the joint consideration of the 5-day
forecas: and the previous month'c temperature.

National Hurricane (Center

The National Hurricane Center is responsible for devel-
oping specialized forecasts andg associated guidance materials
relating to hurricanes and s.milar weather phienomena.

5
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Specifically, it is concerned with the current and future
location, intensity, and moement O0f cthese storms. 1Its ac-
tivities are supported Ly *r< Central Pacific Hurricane Cen-
ter, the Eastern Pacific Hurricane Center, and three Hurri-
cane Warning Offices.

During summer and autumn, the National Hurricane Center
maintains a constant watch for trorical disturbances which
cculd develop into destructive storms. The center monitors
disturvances through hemispberic weather summaries frcm che
National Meteorological Center, data from satellites, ship
and aircraft reports, ard measurements from a network of
island weather stations. When it appears that a storm is
developing, teconnaissance aircraft are sent to the arez to
make a *thorough investigation. Temperatures, prescure, and
wind readings are taken; c¢loud structure is observed; and
che extent, movement, and position of the storm are noted.
Radar is used to monitor the storm's movement as it ap-
proaches coastal areas. TInformatica on the movement and 1a-
tensi.v of the storm is then issued to NWS offices and the
public based on the above data.

§§tional Severe Storms Forecast Center

The National Severe Storms Forecast Center prepares and
issues tornado and severe thunderstorm "watches," which are
then disseminated to the public located in the affected areas.
A watch is a public-oriented statement which indicates that
meteorological conditions are favorable for the development
of severe thunderstorms or tornadoes for the affected area.

The National Severe Storms Forecast Center monitors con-
ditions in the North American atmosphere using data from hun-
dreds of points and radar summaries, satellite photographs,
meteorological upper-air profiles (obtained by balloons),
and reports from aircraft, From these thousands of pieces of
information, the center determines the areas most likely to
experience severe thunderstorms or tornadoces. Information ¢n
these areas is then issued to NWG offices and the public in
the form of a watch bulletin.

As opposed to a watch, a warning of severe thunderstorms
or tornadoes can be issued by any NWS field facility once
that facility receives information that severe thunderstorms
or tornadoes have been sighted.

River Forecast Centers

The 12 River Forecast Centers cover major national water-
sheds or portions thereof. They develop specialized analyses
and forecasts of river levels and flood stages to be expected
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in the major national watersheds and prepare runoff and
snowmelt forecasts.

These centers monitor the meteorological and hydrologi-
cal conditions affecting river and water supply. From the
centers, water level predictions are provided for more than
2,500 points on the Nation's rivers. Center hydrologists
design individual procedures for each of the Nation's river
systems. Forecast procedures are designed by studying the
pas:t history of each stream and the relationships between
precipitation, melting snow, soil conditions, and streamflow.
Through these analyses, hydrologists develop river forecast-
ing procedures fcr predicting the amount of water that will
find its way into rivers and streams--and the time it will
take to reach them--under different conditions.

Weather Service Forecast QOffices

The 52 Weather Service Forecast Offices, generally one
for each State, are the backbone of the field forecasting
operation. Building primarily on the material provided .y
the National Meteorolcgical Center and the National Environ-
mental Satellite Service, the Weather Service Forecast Offices
develop a large number of forecast pcoducts.

A representative list of these medium-scale forecast
products follows.

1. State forecasts--cover general weather conditions up
to 5 days for a State or, for areas like New England
where the States are small, a grouping of States.,
Information issued to the public includes expected
amount of sunshine or cloudiness, vrecipitation, tem-
perature variations, and wind conditions.

-

2. Zone forecasts~-similar in content to State forecasts
but relate to a substate area generally comprising
several counties and covering between 5,000 and 15,000
square miles.

3. Recreational forecasts--similar to State forecasts but
limited to recreational zones, beaches, pleasure boat-
ing areas, and skiing areas.

4. Agricultural forecasts--represent a further particu-
larization of weather elements included in a State
forecast to allow decisionmaking by farmers in terms
of spraying crops, irrigating, harvesting, etc.

5. Aviation forecasts--represent a further particular-
ization of weather elements so that the information
applies to aerodrome conditions and inflight weather.

7
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6. Marine forecasts--simil~r in content to State
forecasts except that they focus on coastal and high
seas weather.

7. Air stagnation and fire weather forecasts--express
either the atmosphere's ability to dilute and dis-
perse pollutants or the impact of weather elements on
wildfires.

Forecasts made by these offices start with the guidance
and material furnished by the National Meteorological Center
and the National Environmental Satellite Service. Meteoro-
logists modify this material by considering current weather
observations not included in the material furnished by the
National Meteorological Center. The meteorologists also con-
sider the regional topography, climatology, and special user
needs, as well as their own experience, when they modify the
material.

They also provide watcihes and/or warnings for certain
meteorological hazards, such as winter storms and flash
floods. In some instances, the Weather Service Forecast
Offices will also make small-scale forecasts, which are dis-
cussed in the follnwing section.

Weather Service Offices

One responsibility of the 243 Weather Service Offices
is to make small-scale forecasts. Small~-scale forecasting
involves the modification of medium-scale products so thet
they are descriptive of a specific locality, such as a city
and its suburbs, an airport terminal, a national forest, a
farming community, a local recreational area, a point-source
polluting area, and space launch and recovery areas.

This process considers two different sets of variables:
(1) topoygraphic and climatological peculiarities, in the case
of local public weather-type forecasts, and (2) unique param-
eterization of basic weather elements that make them more
useful for specialized activities.

FORECAST ACCHRACY

Regarding short-range forecasts, NWS appears to have
attained an acceptable level of accuracy for precipifation
and temperature in terms of national averages. The level of
accuracy, however, varies for specific sections of the
country.

In the area of long-range predictions, NWS' present
ability falls far short of being useful to planners and



ENCLOSURE I ENCLOSURE I
policymakers for operational purposes because they are
general in nature, they cover broad geograpical areas, and
they extend to only 90 days.

Today and tomorrow forecasts

The following table shows what NW3 reports as its yearly
average accuracy levels for precipitation and temperature
forecasts issued to the general public for about 50 cities
for the years 1966 through 1976.

Year Precipitation Temperature
(note a) (note b) (note b)
(plus or minus error in
(percent) degrees Fahrenheit)
1966 84.3 4.9
19s7 83.1 4.6
1968 83.7 2.8
1969 83.6 3.9
1970 83.9 3.8
1971 82.6 4.0
1972 82.4 3.8
1973 82.7 3.8
1974 82.6 3.8
1975 83.6 3.7
1976 85.6 3.6

a/Generally from April 1 of stated year to March 31 of the
followina year.

b/Rverage of forecasts issued twice a day predicting condi-
tions up to 36 hours in advance.

NWS determines the accuracy of forecasts issued to the
general public on a national basis by comparing predicted
weather conditions with what actually occurred. It verifies
forecasts of probability of precipitation and maximum and
minimum temperatures for about 50 cities geographically
distributed across the United States.

For precipitation forecasts, NWS considers predictions
of 40 percent or less as forecasts of no precipitation and
predictions of 50 percent or more as forecasts of precipita-
tion. Measurable precipitation for verification purposes
1s defined as 0.01 inches or greater in a 24-hour period.
Precipitation is measured only at a single point within the
forecast area.
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Therefor2, if NWS predicts that there is a 30-percent
chance of precipitation and 0.02 irnches of precipitation
actually occurs at the measuring point, for verification pur-
poses aa inaccurate forecast was made. Conversely, if NWS
predicts that there is a 70-percent chance of precipitation
and less than 0.01 inches of precipitation is recorded at
the measuring point, regardless of the amount of precipita-
tion that might f£211 in the surrounding area, the forecast
is considered to be in error. Generally the guantity of
rain expected to fall is not predicted, but the guantity of
snowfall is generally forecast.

For temperature, accuracy is determined by measuring
the number of degrees in Fahrenheit the observed maximum and
minimem temperatures vary from that predicted, For exam-
ple, if the forecast maximum temperature is 50 degr=z2es and
the observed value 1is either 53 degrees or 47 degrees, the
absolute error is 3 degrees. The same evaluation is made
for minimum temperatures.

With respect to 1976, we anaiyzed the available statis-
tics cn precipitation to ascertain the average rate of accu-
racy for the individuai NWS regions, as well as the range of
accuracy for the participating offices within those regions.
The table below presents the results of our analysis.

Average rate Rarge of
NWS region of accuracy accuracy
(percent, (percen.)
Alaska 77.0 68.0 tv 82.8
Eas*tera 83.2 77.56 to 87.3
Southern 85.0 65.4 to 91.8
Pacific 85.6 (a)
Central 86.7 83.9 to 90.1
Western 89.9 81.5 to 95.2

a/0nly one office within the region.

Jur anilysis of the accuracy of temperature forecasts
for .976 shows that, nationwide, 79 percent of the forecasts
averaged errors of 5 degrees or less. In 17 percent of the
f. ecasts, the errors ranged from 6 to 10 degrees, and in
only 4 percent 0f the forecasts were the errors greater than
10 degrees.

In terms of the NWS regions, the Southern Region showed
the lowest yearlv average error--3.2 degrees--while the Cen-
tral Region showed the highest--4.0 degrees.

10
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Three- to five-day forecasts

As it issues ite today and tomorrow forecasts, NWS
issues forecasts fo: a period of 3 to 5 days ahead. These
forecasts are the result of a combination of numerical models
and manual techniques employed to produce weather analyses
and prognoses.

An inherent characteristic of numerical models of at-
mospheric dynamics is that they become less useful as a fore-
casting tool as time increases. The reason is that it is not
possible to exactly describe the iniiial state of the atmos-
phere because of the many variables involved and the exact
solutions to the mathematical equations are not possible.

This degeneration of accuracy of forecasts is shown in
the following table for the years 1975 and 1976.

Precipitation Temperature
(estimated (plus or minus error
percent) in degrees Fahrenheit)
Day 3 75 5.7
Day ¢ 70 6.3
Day 5 65 6.8

Thirty~-day outlooks

Thirty day outlooks consist of maps which indicate by
broad geographical areas whether the expected temperature
patte-n will be above or below normal and whether the expected
precipitation will be more or less than the usual amount.

NWS determines the accuracy of its 30-day »2utlooks by
comparing predicted precipitat.on and temperature data with
observed data for a sample of 100 cities. Fo. the period
January 1974 through November 1177, 30-day predictions for
more or less precipitation were correct about 52 percent of
the time. Predictions of above or below normal temperatures
for the same period were correct about 58 percent of the
time.

These statistics support the NWS view that its skill
relative to precipitation forecasting is only marginally
better than predicting on the basis of chance (30/50) and
that it has some skill relative to temperature forecasting.

As noted above, 30-d1y outlooks are made for broad geo-
graphical areas. NWS does not make specific pred.ictions for

11
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counties ¢~ ~ities. Although precipitation and temperature
predicticns for broad ge¢-graphical areas may be correct, spe-
cific localities w'thin tnhncse arees might experience opposite
weather conditions than those predicted for the total area.

Seasonal outlooks

Seasonal outlooks are also presented in a map-type
format.

NWS has some skill in predicting whether the average sea-
sonal temperature will be above or below the average temper-
ature experienced for major geographical areas of the country.
Seasonal temperature outlooks over a period of 19 years were
carrect 65 percent of tne tire when measured in abcve or
below normal terms. NWS' average temperature projectiow. for
the 1976-77 winter season was highly accurate (85 pe:cent
correct) while its projection for the summer of 1977 was only
30 percent correct.

The skill for predicting whether certain areas of the
country will have more or less than the usual amount of pre-
cipitation is not as developed as the skill for predicting
average seasonal temperatures. A cortributing reasorn is
that precipitation occurs in more complex and broken spatial
patterns than temperature; that is, local precipitation totals
over a period are sensitive to the patiic of individual storms
to a far greater degree than are average terpecatures. When
made, seasonal precipitation outlooks are right about 55 per-
cent of the time when measured in terms of more or less than
the usual amount of precipitation.

The data and mettod used by NWS to determine average
seasonal temperature und precipitation are such that NWS is
not able to determine this information for certain areas of
the country. The size and locations of these indeterminate
areas vary both seascnally and yearly.

Although NWS has some skill in foretelling what the
average seasonal temperature and precipitation for major
geographical areas will be, NWS does not have the skill to
make similar predictions for smaller geographical segments,
sucl. as a city or county. Similerly, NWS does not possess
the skill to determine the extent of variance from the norm
for either temperature or precipitation. NWS cannot predict
how much colder or warmer or how much wetter or drier the
weather will be. According to NWS officials, no one has
this capability, and, until a major technological break-
through in long-range meteorological forecasting is made,
no one will have this ability.

12
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ALTERNATE METHODS OF PREDICTION

The method used by NWS to make long-range weather
predictions (see p. 5) is also used by other countries. The
only difference appears to be the emphasis given to the var-
ious elements considered.

The Russians and the British place more emphasis on the
analog technique than NWS does. The Japznese method of pre-
dicting long-range weather is similar to the NWS approach.
According to NWS officials, predictions made by these coun-
tries are no better than those made by NWS.

Research is currently being conducted which, if proven
to be scientifically valid, should add to the various ele-
ments considered by NWS. One area being researched involves
the relationship between surface sea temperature and long-
range weather forecasting. Another arsa irvolves the relu-
tionship of the wobble of the earth's axis and long-range
weather forecasting. The National Oceanic eénd Atmospheric
Administration is also attemptirg to imp. ove long-range
forecasts with more sophisticated mathemacical compute:
models.

As far as we could determine, only one other method--
known as the Krick method--is in current use in the United
States.

The Krick method developed in the lates 1930s by the
California Polytechnic State University under the guidance
of Dr. JTrving Krick has been used since that time. Under
this method predictions are made by advancing int> the future
a set of regular cycles of atmospheric behavior. The cycles
are described as being based on the examination «f past rec-
ords and are expected to be accurate for many years into the
future. The Krick method also considers the influence of
forces from outside the atmosphere on the weather, whereas
the NWS method does nct.

The most significant distinction between the two methods
relates to the preciseness of the predictions. As previously
discussed, NWS predictions are for periods up to only 90 days,
cover broad geographical areas, and only indicate above or
below normal weather conditions.

Those who espouse the Krick method claim that predic-
tions can be made (1) for periods up to 10 years, (2) for a
specified geographical area, and (3) with details as to the
specifics of the weather event that will occur; fcr example,
the amcunt of precipitation.

13
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There is considerable controversy and dispute regarding
the Krick method. NWS officials and the American Meteorol-
ogical Society maintain there is no scientific basic for this
nethod. The Krick method also has never been objectively
evaluated by a panel of meteorological experts even though
efforts to make such an evaluation nhave been made.

On the other hand, predictions developed through use of
the Krick method have been bought by various local, State,
and Federal governmental activities, as well as the private
sector.

FUNDING NEEDS

In short-term forecasting of heavy precipitation and
radical temperature changes, the degree of accuracy becomes
much more significant than when normal weather condit.ons
prevail. 1In the case of the severe weathe, phenomena--
tornadoes, hurricanes, hail storms, etc.--where life and
property are threatened, the adequacy and reliability of the
NWS forecasting and dissemination system become paramount.

According to NWS, more observation stations, more so-
phisticated equipment, more forecasters, etc., would con-
“ribute .. improving short-term forecast accuracy. However,
the escential question is whether additional improvement in
forecast accuracy is worth the additional costs that would be
incurred.

NWS believes the following are examples where additional
resources could Le applied to improve the gualitv of fore-
casts ané their dissemination to tae public.

-.-A denser network of observations in the Northeast
Pacific Ocean to provide information con the develop-
ment of storm systems. Funding needs are not avail-
able.

--A denser "etwork of remote sensing devices, particu-
larly for those areas that are flash-£floc: prone,
since response time is extremely shor t--perhaps only
a few minutes. Funding needs are not availablsa.

—-Installation of local warning radars where gaps in
coverage exist. Estimated resources required include
seven positions and $1,36.,000 one-time costs and
$1,282,000 recurring costs.

--Development of electronic detectors of severe local

storms/tornadoes to provide increased lead time for
warnings. Funding needs are not available.

14
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--Add automatic telephone recording devices *o avoid
busy telerhone lines. Estimated resources required
are $665,000 initial costs and $633,000 recurring
costs.

--Increase the coverage and signal strength of the Na-
tional Oceanic and Atmospheric Administration Weather
Radio system to reach fringe populavion areas. Esti-
mated rescurces required include four positions and
$2,250,000 initial costs and $750,000 recurring cos ..

--Increase the number of NWS field offices on National
Warning System circuits. About $96,000 is required
for this item.

The Congress has recognized the need for improving long-
range forecasting. ILegislation (H.R. 6669-95th Cong.) to
establish a national climace program has been ‘ntroduced but
has not yet been enacted. The purpose of thi proposed legis-
lation is to enable the Nation to respond more effectively to
climate-induced problems by (1) improving climate monitoring
(2) augmenting basic and applied research in climatslogy,

(3) improving disserination of climate-related data and,
(4) identifying the impacts of climatic changes and fluctu-
ations. »

The National Oceanic and Atmospheric Administration has
r cently established the National Climate Program Coordinat-
ing Office. According to an official of this Office, the
funding level of $50 million proposed in the legislation to
establish a national climate program will be generally ade-
quate.

CONCLUSION

NWS appears to have attained an acceptable level of
accurecy for short-range precipitation and temperature fore-
casts in terms of national averages; however, the level of
accuracy varies for specific sections of the country and,
according to NWS, can be improved with addit:onal resources.

On the othar hand, NWS' present abiiity to make long-
range predictions falls far short of being useful to plan-
ners and policymakers for operational purposes because the
predictions

-—are gJeneral in nature,

--cover broad geographical areas, and

--extend up to only 90 days.
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AREAS TO BE PURSUED BY THE COMMITTEE

Short-range forecasts

Although we did not evaluate the need for any of the
items previously shown under "funding needs," the provisicn
of additional resources to NWS would, in our view, be war-
ranted if the forecasting and dissemination of severe weather
information could be improved to the point where lives are
saved or damage to property is reduced. The Committee may
want to inquire further into this matter with NWS officials
during the hearings scheduled for February 1978.

Long-range forecasts

Some forecasters who use the Krick method of long-range
forecast.iy claim that ~hey can make predictions (1) that are
precice in nature, (2) that relate to specific localities,
and (3) for periods beyond 90 days. NWS officials maintain
that this cannot be done.

We have not evaluatei the validity of the Krick method
nor, to the best of our kaowledge, has anyone else. Because
cf the significant impact of weather on food production,
transportation, energy consumntion, water resources, etc.,
and the fact that public funds, especially at the State and
local level, are being used to buy long-range predictions
from forecasters who employ the Krick method, we believe that
an independent and objective evaluation of the efficacy of
this method should be made by a panel of experts drawn from
either the academic community or one of the nonprofit founda-
tions. The Committee may want to pursue this matter during
the hearings.
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